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During studies on methods for the isolation of Brucdla from blood by Pickett 
and Nelson (1, 2), it was noted that in broth media, inoculated  with lysed blood 
and  incubated at  37°C.,  a  turbidity consistently developed  which  had  the 
appearance of bacterial  growth, but from which bacteria could not be isolated. 
Microscopic examination of the turbid broth revealed many organized, micro- 
bial like elements surrounded by some poorly defined materials. It was impos- 
sible, on the basis of microscopic appearance  alone, to distinguish the organized 
elements  observed  from L  forms of bacteria. Because L  forms,  on occasion, 
were isolated  from blood  cultures,  it was imperative to distinguish  between 
bacterial L forms and those microscopically similar elements of non-bacterial 
origin.  L  forms were considered  present in blood  cultures only if typical L 
colonies, reacting specifically with appropriate antisera, could be isolated and 
transferred on soft agar. 
Experiments were designed to identify the materials and conditions responsi- 
ble for the non-bacterial  turbidity seen in blood cultures.  The results  indicate 
that hemoglobin  can be organized  into particulate elements  when incubated 
at 37°C. in the presence  of certain compounds  present in peptones  used for 
bacteriologic media.  The particulate elements, in turn, account for the visible 
turbidity. Normal serum in relatively low concentrations inhibits  the in  vitro 
development of particles.  This fact explains the apparently random occurrence 
of turbidity in cultures of whole blood (3). 
EXPERIMENTAL 
Inocula.--The development of turbidity in broth occurred when either lysed or intact red 
cells were used as inocu]a.  However, the period of incubation required for turbidity to de- 
velop differed according to the type of erythrocyte preparation employed and was associated 
with the time required for red cell autolysis. An inoculum of from 0.1 to 1.0 ml. was used with 
* Supported in part  by grants from the Academic Senate of the University of California 
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15 ml. of a nutrient  broth (Difco heart infusion) in each case. Whole blood required  10 to 
30 days' incubation for visible turbidity to develop, washed erythrocytes  (collected in ACD  1 
solution and washed twice in saline) only 48 hours. Lysates prepared  by lysing washed red 
cells with I0 volumes of distilled water gave rise to turbidity in 24 hours. The lysates could be 
filtered through sintered glass filters (Coming UF) to remove bacteria and other particulate 
material without loss of the ability to form turbidity within 24 hours. Filtered lysates (herein- 
after referred to only as lysates) were used as inocula in all subsequent studies. In all cases 
rigid bacteriologic control was maintained  to preclude the possibility that the turbidity ob- 
served  was due  to bacterial  contamination. 
Micros¢opy.--Wet mounts  were examined under the phase  microscope or with the light 
microscope employing l:100,000  Janus green B in the mounting medium. Dry preparations 
were made with formalin-fixed material and stained by various bacteriologic and hematologic 
stains. 
RESULTS 
Extensive microscopic observations  revealed minute refractile  granules  and 
slender  beaded filaments  in wet preparations  of whole blood. These  elements 
became more numerous with incubation and, at the same time,  the number of 
intact erythrocytes decreased. Many of the elements were attached to red cells 
and red cell ghosts. 
Neither unincubated red cell lysates nor sterile filtered broth contained par- 
ticles  visible  with  the  light  microscope.  Electron  micrographs  of  raw  lysate 
revealed dense masses of opaque material. Wet mounts of broth which had been 
inoculated  with  red  cell  lysate and  incubated  24  hours  revealed  many small 
granules, 0.3 to 0.6 microns in diameter  (Fig.  1). Electron micrographs of this 
material  showed chains and clumps of bodies which closely resembled  PPLO 
or L  forms of bacteria  (Figs.  2 and 3).  Some larger bodies (2  to 6 microns in 
diameter)  were occasionally found  in the sediment  which formed at  the bot- 
toms of the culture  tubes. 
Organized  elements,  consisting  basically  of  spherical  particles  arranged 
singly, in pairs,  triads,  and chains,  always developed when lysates were incu- 
bated in broth.  The particles were of uniform morphology though variable in 
size, and they could easily be distinguished from the randomly arranged struc- 
tures typical of protein precipitates. 
Fracgonation  of Red Cell Lysates.--Once  it  was  found  that  the  factor,  or 
factors,  responsible  for the  development  of  turbidity  in  broth  were  present 
in filtrates of lysed red cells, an attempt was made to purify the  active material. 
An aliquot of clear filtered lysate was placed in a Spinco preparative  centrifuge and sub- 
jetted to 30,000 g for 10 minutes. Tiffs treatment resulted in the formation of a clear red super- 
natant  and  a  small  amount  of white  sediment.  The  supematant  was  separated  and  the 
sediment resuspended in a volume of broth equal to the original amount of lysate Both prep- 
arations  were again  filtered  through sintered  glass filters (UF).  Thioglycollate  broth  was 
inoculated with each filtrate and incubated  at 37°C. 
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The amount of visible turbidity which formed on incubation was  approxi- 
mately four times as great from the filtrate of supematant as from an  equal 
amount of filtrate of the sediment. 
The supernatant from the first ultracentrifugation was recentrifuged for 24 hours at ap- 
proximately 130,000 g. This treatment resulted in the formation of five fairly distinct layers: 
the top, Clear and colorless; the next, slightly pink; a  third, distinctly red; the fourth, dark 
red; and the fifth, a  white sediment. Each layer was carefully separated  (the sediment was 
resuspended as before)  and filtered.  Thioglycollate broth (15 ml.) was inoculated with 0.1 ml. 
of each fraction. 
The resultant turbidity from 0.1 ml. of the dark red (fourth) layer was greater 
than that from 0.1 ml. of the original filtrate, indicating that the active principle 
of the lysate had been concentrated with the hemoglobin. The first and second 
layers did not yield turbidity; the third, and the sediment each gave rise to 
moderate amounts. Electron micrographs  of the dark red fraction showed a 
homogeneous mass of protein arranged in units of approximately 200 A diameter. 
Conditions  for the Development of Turbidity.--The fact that turbidity occurred 
only in association  with red  cell lysis  suggested  that a  non-specific release 
and precipitation of intraceUular  material was responsible.  Certain findings, 
however,  indicated that something more than mere precipitation of cellular 
materials was involved. An extremely small amount of cellular material (0.01 
ml. of filtrate of hemolyzed erythrocytes), was able to produce visible turbidity 
in 15 ml. of broth. Intact cells or cell stroma, representing  most of the micro- 
scopically visible particulate matter in blood, was not required. The conditions 
and time for development of turbidity were critical and reproducible and were 
those often associated with enzymic reactions. 
Spexivs: Red cell lysates were made from the blood  of several  species of 
vertebrates. Tubes of Difco heart infusion broth were inoculated with graded 
amounts of each preparation and incubated at 37°C. The results are presented 
in Table I. The lysates of all species tested gave rise to some turbidity in broth. 
The amount and rate of development of turbidity, under the conditions speci- 
fied, varied for different species. 
Temperature: Table H summarizes the studies on temperature. The optimal 
temperature for rapid formation of turbidity in broth was 37°C. for all lysates 
regardless  of the species from which  they were obtained. Some clouding  of 
broths  inoculated with lysates occurred  immediately following exposure  to 
temperatures of 56°C. or above, but typical turbidity did not occur. The tubes 
incubated at 0-4°C.  remained clear  (at  this  temperature)  but  would  yield 
turbidity at any time up to 2 months if the temperature was raised to 37°C. 
Hydrogen io~ concentration: The effect of pH on the development of turbidity 
in broth inoculated with red cell lysate may be seen in Table III. The range 
of pH suitable for the development of turbidity was 6.8-7.2.  Precipitation of 
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pH 7.4) inoculated with lysate and incubated at 37°C. remained clear  indefi- 
nitely. 
Media:  The media employed have been essentially those used for the cul- 
tivation of bacteria. They ranged from relatively complex  (Brewer's thiogly- 
collate)  to simple  ones  (1  per cent peptone water).  Turbidity from red cell 
lysates developed in all, although more rapidly and  in  greater  quantity in  the 
more complex media.  Distilled water and physiologic saline  did not support 
the development of turbidity, nor did a medium containing  only amino acids 
and salts (Difco TC  199). 
TABLE  I 
Comparison of Amount of Turbidity Devdoped in Broths Inoculated with Lysates of Erythrocytes 
from Various Species of Animals 
Species 
Man, rat, mouse, 
pig, turtle 
Horse, dog, 
mackerel 
Monkey 
Rabbit 
Goose,  duck, 
chicken 
Steer 
Time of incubation in hrs. 
24  48  72 
MI. inoculum  MI. inocuhm  MI. inoculum 
0.05 
2+ 
+ 
4- 
0.1 
4+ 
2+ 
+ 
-4- 
0.25  0.5  0.05 
4+  4+  3+ 
4+  4+  2+ 
--  --  4+ 
2+  3+  2+ 
+  2+  - 
O,t  0,25 
4+  5+  6+ 
3+  4+  4+ 
4+  4+  4+ 
3+  4+  5+ 
+  2+  2+ 
0.5  0.05 
3+ 
2+ 
4+ 
3+ 
::t= 
O.l  0.25 
4+  5+ 
3+  4+ 
4+  4+ 
4+  4+ 
+  2+ 
+  -F 
0.$ 
6+ 
5+ 
4+ 
5+ 
3+ 
2+ 
All inoculations into 15 ml. Difco heart infusion broth, pH 7.0. 
1-6+, amount of turbidity. 
The inoculation of agar plates  (0.7-1.5 per cent agar)  with suspensions  of 
24 hour turbid broths, previously inoculated with red cell lysates, resulted in 
the development on the agar surface of aggregates of particles which resembled 
"L" or "T" colonies of bacteria (5, 6) (Fig. 4). Similar  "colonies" often devel- 
oped on plates inoculated directly with 0.1 ml. lysate. These "colonies" could 
be  distinguished  from  microbial  forms,  because  they  could  neither  reduce 
tetrazolium salts, nor be transferred singly to fresh plates. A suspension of the 
entire plate "growth," or a large inoculum obtained by scraping the surface of 
the plate  would often yield a  few additional  "colonies" on transfer  to fresh 
media. Such colonies did not represent progeny of the colonies on the primary 
plate, but rather new particle formations probably made possible by an agrega- 
tion of protein molecules previously dispersed over the surface of the original 
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Amount o.f inoculum: With inocula of less than 0.5 ml. per 15 ml. of broth, 
the  amount of visible  turbidity varied directly with the  amount of lysate. 
Fig. 5 shows the turbidity formed in thioglycollate  broth with three different 
inocula. 
Time: The first 24 hours' incubation of a lysate in broth was characterized  by 
the development of turbidity similar to that seen in bacterial cultures.  Occa- 
sionally some of the material causing  turbidity became  attached to the test 
tube walls. With continued incubation some settling of material occurred.  A 
membrane (Fig.  7)  usually formed on the surface  of the medium during the 
latter stages of incubation. 
TABLE  II 
Rdationship between Temperature of Incubation and Amount of Turbidity Devdoping in Broth 
from Red Cell Lysates 
Temperature  Time  Turbidity 
0-4  60 days*  -- 
30  48 hrs.  2+ 
37  48  "  4+ 
56  30 min.:~  Sffght  cloudiness 
Results based on tests with 4 human lysate preparations. 
Inoculum, 0.1 nil. 
Medium, 15 ml. Difco heart infusion broth. 
* If after 60 days the temperature was raised  to  37°C.,  2+  turbidity  occurred  within 
48 hours. 
~t No further change occurred at this temperature. 
Physical conditions:  A large surface area favored membrane formation. The 
dry weight of membrane was proportional  to the surface area of the medium. 
In  tubes  of thioglycollate medium containing agar,  or in nutrient  gelatin, 
the  "growth" was  concentrated in  discrete  aggregates  within a  subsurface 
band. These aggregates  resembled  colonies of bacteria (Fig.  8).  It should be 
noted that uninoculated thioglycollate  broth on prolonged incubation gradually 
forms a precipitate which can be differentiated from the material developing in 
broth incubated with lysate by heating at 80°C. for 30 minutes. Turbidity due 
to non-specific precipitation of the medium dissolves and the medium cleaxs, 
whereas turbidity resulting from the incubation of lysate remains. 
Inhibition of the Development o/ Turbidity.-- 
Antibiotics:  Within the  limits of  their  solubility,  none of  the  antibiotics 
commercially  available  had any effect on the development of turbidity from 
red cell lysates. 
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5O°C: or above for 30 minutes did not develop typical turbidity consisting of 
visible  elements.  Denaturation  and  coagulation of the  proteins  present  did 
result in' an immediate clouding of the medium. 
Enzymes:  Ribonuclease and deoxyribonuclease were  without visible effect 
on  the  development of  turbidity in  broth.  Trypsin added  to  media before 
inoculation with lysate prevented turbidity; if added after turbidity developed, 
the particulate material dissolved. 
TABLE III 
Rdationship between  pH and Amount of Turbidity Devdoping in Broth  from Lysates Incubated 
at 37°C. 
pH  Turbidity 
<5.1 
5.5 
6.0 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
>7.5 
Immediate ppt. 
Cloudy 
+ 
+ 
2+ 
3+ 
4+ 
4+ 
4+ 
2+ 
+ 
-[-, amount of turbidity at 48 hours' incubation. 
--, no turbidity at 10 days' incubation. 
Medium, 15 ml. Albimi  brucella broth. 
Inoculum, 0.1 ml. lysate. 
Serum: In broths inoculated with intact red cells normal serum (calculated 
at  1:5000)  was able to retard cell lysis and the subsequent development of 
turbidity.  Serum in  dilutions of  1:10-1:1000,  depending on  the  amount of 
inoculum, also inhibited the development of turbidity from lysates (Fig. 6). 
The  highest dilution of serum  capable  of preventing  turbidity from lysates 
varied for different individuals and species  supplying the serum. 
Chemicals:  Several compounds were tested in broth for their effect on tur- 
bidity and membrane formation from red cell lysates. The results are presented 
in Table IV. Formaldehyde, cyanide, and nitrite were inhibitory; phenylhy- 
drazine, profiavine, dinitrophenol, aniline, and deoxyribonucleic acid (DNA) 
stimulatory. No  compound was considered stimulatory unless  the  turbidity 
consisted of particles of characteristic morphology. ERIC L. NELSON  761 
TABLE IV 
E.(ect of Certain Chemicals on Decdopment  of Turbidity  in Broth flora  Red Cell Lysates 
Chemical 
Proflavine 
Aniline 
Dinitrophenol 
Phenylhydrazine 
Deoxyribonucleic  add*,;~ 
Formaldehyde 
Sodium nitrite 
Sodium azide 
Sodium cyanide 
Mercuric chloride 
Copper sulfate 
Ribonudeic acid*,§ 
Calcium chloride 
Potassium iodide 
Sodium fluoride 
M 
0 
4+ 
4M 
4+ 
4M 
4+ 
4M 
4+ 
4M 
4+ 
4M 
4+ 
4M 
4+ 
4M 
4+ 
4M 
4+ 
4M 
Amount of turbidity 
Molar  concentration  in broth 
M  M  M  M  M 
100  25  500  750  1000 
5+  5+  4+  4+  4+ 
4M  4M  4M  4M  4M 
5+  5+  4+  4+  4+ 
5M  5M  5M  4M  4M 
+  +  +  4+  4+ 
2M  3M  3M  4M  4M 
4+  4+  4+  4+  4+ 
M  M  M  M  2M 
3+  +  +  +  + 
M  3M  --M  M  M 
+  2+  3+  3+ 
M  M  M  M 
Effect 
Stimulatory 
Inhibitory 
~M 
immediate precipitate  Protein pre- 
cipitates 
4+  4+  4+  4+  4+ 
4M  4M  4M  4M  4M 
4+  4+  4+  4+  4+ 
4M  4M  4M  4M  4M 
No effect 
Readings are at 48 hours' incubation. 
1-5-4-, amount of turbidity; 1-5M, amount of surface membrane. 
Volume of broth, 15 ml. 
Inoculum, 0.1 ml. lysate. 
* Not molar, additions of 0, 5 nag., 2.5 rag.,  1.0 rag., 0.5 rag., 0.1 rag., respectively. 
~t General Biochemicals, Inc., Chagrin Falls, Ohio. 
§ Yeast RNA. 
Chemical Analyses.-- 
Inoculum:  An  analysis of the red cell lysates showed that they were essen- 
tially pure  protein.  Although  quantitative  measurements  were  not  made,  it 
was assumed that the protein was primarily hemoglobin. The results of these 
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Turbidity: The composition of the elements comprising  the visible turbidity 
formed in broth inoculated with red cell lysates is also presented in Table V. 
Measurements  were  made  on  the  trichloroacetic  acid  (TCA)-precipitable 
material.  When radioactive labelled  amino acids were added to broth media, 
subsequently inoculated with  lysate and  incubated  at  37°C.,  they were not 
incorporated  into  the TCA-precipitable proteins.  This  indicates  that  no ex- 
change or uptake of amino acids from the broth occurred during incubation. 
Membrane: Labelled amino acids were also not incorporated into the mem- 
branes which formed on the surface oi media inoculated with red cell lysates 
and incubated at 37°C. Amino acids from the inocula were found in the mem- 
branes. Chromatographic studies indicated some differences in composition of 
the  lysate,  membrane,  and  TCA-precipitable  protein  from  incubated broth 
TABLE  V 
Chemical Analyses  of  Unincubated, Dried  Lysate,  and  the  TCA  Prezipitable Material from 
Thiogtycollate Broths Inoculated with Lysate and Incubated 48 Hours at 37°C. 
Prep~r~tlo_____~  - i 
Dry lysate  ........................ ] 
0.5 ml. lysate incubated in thioglycol-] 
late  TCA  ppt  ....................  1 
Dry weight 
19.9 mg./ml. 
2.2 rag. 
Nitrogen 
per c@~t 
18.4" 
14.5 
Phosphorus 
~er cent 
0.125 
0.04 
Lipide 
p~e~t 
1.6 
* This value is slightly higher than expected for hemoglobin and may indicate the presence 
of other substances. 
(Fig. 9). The membranes were not visibly affected by 10 per cent acetic acid, 
1 per cent sodium hydroxide, acetone, or alcohol. They were readily dissolved 
by 1:250  trypsin. 
The Dewetopment of Particles from Cells Other Titan Erythrocytes.--As  the 
incubation in broth of a variety of tissues for bacteriologic study often reveals 
non-subculturable  turbidity,  an  attempt  was  made  to  demonstrate  particle 
development from the cytoplasm of mammalian ceils other than erythrocytes. 
Freshly lyophilized, minced rat liver (which had been perfused with saline to remove blood) 
was powdered with a mortar and pestle. Approximately 200 rag. of the powder was suspended 
in 10 m]. of heart infusion broth and allowed to stand at 0-4°C. for 4 hours. The suspension 
was  centrifuged  and  the  supernatant  filtered  through a  UF  sintered  glass  filter.  Varying 
amounts of the colorless filtrate 0.01 to 0.5 ml.) were employed as inocula for tubes of thio- 
glycollate and heart infusion broth. 
Turbidity developed in both media and the amount formed was equal to or 
greater than that formed with comparable amounts of red cell lysates. Electron 
micrographs showed that the particles developing from liver were morphologi- 
cally similar  to those from erythrocytes. ~.~c ~.  ~E~SO~  763 
Various tissues d  the rat, prepared as above, were compared for their ability 
to produce turbidity in broth. The results are presented in Table VI. Tissues 
that were stored in the dry powdered state lost most of their particle-forming 
activity over a period of 6 weeks. 
TABLE  VI 
Rdaliee Amounts of Turbidity  Produced by Extracts of Various Rat Tissues Incubated in Broth 
Tissue 
Liver 
Spleen 
Kidney 
Testis,  heart 
Muscle, lung 
Brain 
Inoculum 
m/. 
0.1-0.5 
¢¢ 
Days' incubation 
2+ 
+ 
2  3 
3+  4+ 
2+  3+ 
+  2+ 
4 
4+ 
3+ 
2+ 
.4- 
4-{- 
3+ 
2+ 
+ 
m 
6  7 
4+  4+ 
3+  3+ 
2+  2+ 
+  + 
8 
4+ 
3-/- 
2+ 
+ 
Medium, 15 nil. amounts Difco heart infusion broth, pH 7.0. 
Temperature of incubation, 37°C. 
1-4+, amount of turbidity at 4 days of incubation. 
--, no turbidity by 10 clays of incubation. 
DISCUSSION 
Recognition of coccal particles  and fibrous elements in blood preparations is 
not an original  observation. Such  elements  have been  observed  since  1907, 
when Nuttall and Graham-Smith (7), while investigating canine piroplasmoses, 
noted the formation of filaments, vesicles, and beaded structures in dark field 
preparations of dog blood. Later they showed that the blood of various mam- 
mals and fowl contained similar elements  which appeared  on heating and so 
were "artefacts." 
In the half century which has elapsed  since Nuttall and Graham-Smith's 
observations,  many authors have written of pleomorphic elements  (primarily 
in blood preparations)  which develop from cells  under  a variety  of circumstances. 
Elements like those described have been considered both as causative agents of 
numerous diseases and simply as "artefacts" (see Table VII). Recently, the 
granules  and filaments of blood have been collectively referred  to as "hema- 
texoides" in a review by Bessis (8), who concludes that the elements originate 
from red cells, but that their nature and function are obscure. 
The  extreme pleomorphism  exhibited by  the  structures  formed in  broth 
preparations containing intact erythrocytes was not typical of those  formed 
from filtered  lysates.  Preparations  with  lysates  contained  basically  coccal 
elements. Fibers of the type found in the membranes were the only non-coccal 
elements  present. The pleomorphism  seen in the whole cell preparations ap- TABLE VII 
Listing of References to Particles Associaled  u~ilh In Vitro Preparations  of Tissues and 
Resembling  Those from Red Cell Lysates 
Year 
1907, 
1912 
1912 
1913 
1913 
1923 
1923 
1926 
1928 
1928 
1931 
1932 
1934 
1936 
1944 
Author 
Nuttall 
Graham-Smlth 
Ross 
Kuhn 
Steiner 
McDonagh 
Flexner 
Noguchi 
Collins 
Noguchi 
Thomson 
Alrutz 
Nortell 
Piette 
Adams 
Blacklock 
McCluskie 
Ford 
Eliot 
L'Esperance 
International  Com- 
mittee  for  the 
Study  of  Infan- 
tile Paralysis 
Von Brekmer 
Logrippo 
Baer 
Allen 
Reference 
J. Hyg., 7, 232 
J Brit. Med. J., 2, 1651 
Med. Klln., 18, 1007 
BriL J. Dermal.,  Z5, 1 
i J, Exp. Med., 18, 461 
J.  Am.  Med.  Assn., 
81, 2109 
Y. Tro#. Ned. Hyg., 2S, 
251 
Arch. Path., 1, 356 
J. Path. and Baa., 28, 
115 
Y. Exp. Med., ~, 475 
Ann. Surg., 98, 162 
Baltimore,  Waverly 
Press, Inc. 
Med.  Welt, 9, 1179 
J. Baa., 81, 245 
U. S. Na~. Med. Bull., 
U, 127 
Title 
Canine piroplasmosis 
An  intracellular  parasite 
developing  into  spiro- 
chete 
Ueber  die  Ursache  der 
Multlplen Sklerose 
The complete life  history 
of  the  organism  of 
syphilis 
Experiments on  the culti- 
vation  of  the  microor- 
ganism causing epidemic 
pol(omyelitis 
An experimental study of 
multiple sclerosis 
The common occurrence of 
pseudospirochetes in  the 
blood  of blackwater  fe- 
ver  cases,  and of  normal 
human  beings  and  ani- 
mals 
Thrombopenic purpura 
Spirochete-llke  structures 
in the cerebrospinal fluid 
of  animals used  for ex- 
perimental purposes 
The transfer of rat anemia 
to normal animals 
Studies  in  Hodgkin's dis- 
ease 
Poliomyelitis 
"Siphonospora  poly- 
morpha" n. sp. ein neuer 
Mikroorganismus  des 
Blutes  und seine  Bezie- 
bung zur Tumorgenese 
Concerning  the  nature  of 
the globoid bodies 
Normal  blood  elements 
and Le#lospira 
Comment 
Report  filaments;  vesicles,  ant 
beaded  structures  in  darkfiek 
preparations  of animal and low 
blood 
Notes  that  the  "parasite"  cause~ 
anemia 
Claim the filaments seen in darktiek 
preparations were spirochetes  an( 
the cause of multiple sclerosis 
Refers  to  a  motile  "sporozoite' 
which increases  in size and buds 
Mentions also found in rat. Classl. 
ties as Lencocytozoon syphilldis 
Believe  particles  that  develope~ 
were cause of poliomyelitis.  Ha~ 
fresh tissue present in all prepara. 
tions 
Indicate that filaments were derived 
from rbe, were motile and dlt~cul| 
to interpret 
Considers  filaments  motile.  Men. 
tions  associated  anemia  in  ma- 
laria and piroplasmosis.  Refers te 
work  indicating  filaments  as 
cause  of  goiter  and psoriasis 
Suggests  a relationship between the 
blood bodies  and platelets 
Report  filaments  in  the  blood  ot 
monkeys, rabbits, and guinea pi~ 
Describe  morphologic  stages  ol 
blood  elements  as  diplococci, 
rods,  granules, filaments, chslm 
Considers  filaments  as  causative 
agent of Hodgkin's disease 
"Milbank Report" describes  culti- 
vation of "globoid bodies" 
Elaborate description of the  blood 
elements.  Describes  complicated 
llfe  cycle,  considers  as  cause  oJ 
cancer.  Believes  organism  a 
fungus 
Describes visible growth at 5 days, 
37°C. All media contained "ster. 
ile" tissue.  Describes filaments as 
neurofibrils  and yeast like cells a.q 
llpoidie globules 
Filaments present in 90 per cent o| 
blood  samples from leptosplrosi~ 
cases.  Describes  knob-like  ends 
of filaments 6 to 12/t long, motile. 
Suggests  origin in destroyed rbe, 
Attempted  cultivation  negative. 
Could  not  produce  experiments] 
disease 
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TABLE VII---ConSlned 
Year 
1945 
194,$ 
1946 
1946 
1947 
1948 
1948 
1949 
1950 
1953 
1951 
1952 
1952 
1954 
1954 
Author 
Kuzell 
Alexander-Jackson 
Simmons 
Gowan 
Schmidt 
Gerhtch 
Wuerthele-Cnspe 
AUen 
Wuer  thele-Caspe 
Wuerthele-Caspe 
Alexander-Jackson 
Anderson 
Hilller 
Allen 
Smith 
Wuer  thele-C~pe 
Alexander-Jackson 
Smith 
Aiemmder-Jackson 
Campbell 
Villeque~ 
Villequez 
Vlllequez 
Reference 
Bull. U. S. A troy Ned. 
DspL, I15, 112 
Ann. N.  Y. Acod.  S¢., 
/[41, 127 
Sc3nvels.  Mid.  WodJ. 
T6, 992 
llli~wis  Ned..r.,  m, 
294 
Kiln.  Woch.,  ~A/2$, 
40O 
Wein,  Urban  and 
Swartsenberg 
Ne~  York  Micvoscop. 
So¢, Bsll., 3, 2 
,L Am. Ned,  Womes's 
Assn., 4,  135 
Am. f.  Ned. So., m, 
638 
' ?.  Am. Med. Worm's 
Assn., 8, 7 
Is.~r~.  Y.  Leprosy, 
~,  173 
BrD.  Vet. J., IN, 191 
Co~rs  Med., 74,  661 
Congres  Interoat. 
d'Hemat. 
Congres de l'Academie 
Libre Interoat. 
Title 
"Artefact  spirochetes" in 
infectious hepatitis 
A hitherto undemonstrated 
zoogleic form  of  Myco. 
bacterium tuberculosis 
Kritische  Beitr~ge  zur 
parasitologischeu  Fein- 
diagnostic  von Bintpara- 
siten  unter  Berflcksich- 
tigung  der  neuel 
Thedanblaumethoden 
Pseudo  -  spirochaetes  in 
blood 
SpirochaetenAhullche  Ge- 
bilde  im  Blut  Krsnker 
und Gesunder 
Krebs  und  obligater Pilz- 
parasitismus 
Microorganisms associated 
with neoplasms 
Mycobucteriul  forms  ob- 
served in tumors 
Cultural  properties  and 
pathogenicity of certain ! 
microorganisms  obtained 
from  various  prolifera, 
tiva and neoplastic dis- 
esses 
Some  aspects  of  the  ml- 
crobiology of cancer 
The cultivation and mor- 
photogical  study  of  u 
pleomorphic  organism 
from the blood of leprosy 
patients 
The  occurrence  of  blood 
filaments  of  "pseudo- 
spirochetes"  in  Certain 
neoplastic condhlons 
Isolement de mlcroorgan. 
ismes des tissues hyper- 
piastiques et du sang des 
cgncereux 
Formes  observables  dans 
le sang,  dues ~  ia pres. 
ence d'~]~ments  evolutifs 
de nature bacterienne 
Th~se Bucteriologique due 
cancer 
Comment 
Describes filaments, 7 to 20 #, knob- 
llke  ends.  non-motile,  increased 
in number if blood stood at room 
temperature 
Describes the  evolution of coccok 
bodies  forming filaments  im vitro 
employing  tissues  and  erddates 
as  inoculu 
Describes pseudospirochetes 
Describes filaments with diagrams, 
pictures.  Says  origin rbc,  Ques- 
tions  motility.  Mentions  poor 
staining. Seen in guinea pigs, rats, 
mice, rsbbits 
Describes  motile  spirochete-fike 
formations  in  blood  in  normal 
persons  and  in  persons with  in- 
fections hepatitis 
A  volume of eiaborste  descriptions 
of life cycles and pathogenicity of 
blood  elements  as  the  cause  of 
cancer.  Cons|dered,  organism 
pleuropneumoula-like 
Describes globular and  fibrous ele- 
ments in cultures of tlisuce 
Consider the coccal and filamentous 
elements as  a  pleurolmenmonia- 
Hke organism 
Describes  the  isolation  of  rings. 
granules, and rods from blood of 
leprosy patient 
Demonstrates filaments in blood of 
leukemic fowls.  Relates them  to 
blood cell desenerafioo 
Describe  life cycle ef  c~coid  and 
filamentous forms.  Coaslders or- 
ganism a "myco bacille" 766  PARTICLE  DEVELOPMENT  IN  VITRO  I~ROM  CYTOPLASM.  I 
TABLE VII--Cosduded 
Year 
1953 
1954 
1954 
1955 
1957 
Author 
Magath 
AlexsnderoJacksou 
Mule 
Mule 
Ichelson 
Reference 
Am. J, Clin, Park., 21, ] 
691 
Growth, 19, 37 
Ez#¢rio~ia,  19,  205 
Agg.  Sulle  Malattie 
Infea., 1, 153 
Proc.  $o¢.  Ex#.  Biol. 
and Med., 95, 57 
Title 
Editorial:  Spirochetes  in 
the blood 
A  specific type of  mlcro~ 
organism  isolated  from 
animal ~nd human can- 
cer:  bacteriology of the 
organism 
Observation  by means  of 
electron  microscope  on 
the  blood  of  subjects 
affected  with  scarlet 
fever 
Ricerche  sulia  etlologis 
vlrale delle leucemle 
Cultivation of spirochetes 
from  spinal  fluids  of 
multiple  sclerosis  cases 
and negative controls 
Comment 
Describes  pseudospirochetes.  Re- 
views literature, gives early refer- 
ence "Bcal, 1863" as first descrip- 
tion of blood filaments. Lists some 
distinguishing  tests.  Considers 
filaments "artefacts" 
Describes  file  cycle of  coccal and 
filamentous forms 
~lectron micrographs of coccal and 
filamentous elements on incubated 
erythrocytes 
~efers to Stelner (see 1912). Results 
based  on  microscopic  observa- 
tions 
peared  to be the result  of absorption  of coccal particles  onto stromata  and 
fibrin  as well as membrane type fibers. 
It  should  be emphasized  that  any medium  containing  body fluids,  whole 
tissues,  or tissue extracts may give rise  to particles and fibers in ritro,  which 
can easily be confused with microbial forms. Accordingly one should be par- 
ticularly careful  in evaluating what appears to be bacterial growth when em- 
ploying media containing biologic materials. 
It has been possible to show apparent  replication in broth of the particles 
from lysates by centrifuging  out the particles formed under optimal conditions 
and then reincubating  the clear supematant.  Turbidity again formed though 
the quantity of particulate material seen was less than in the first incubation. 
Another  experiment  suggesting  replication  involved  a  comparison  of  the 
amount of turbidity present in a series of dilutions of preincubated lysate (in 
broth) with a series in which the inoculum was diluted before incubation. The 
lysate  incubated  under  optimal  conditions  before  dilution  always  showed 
turbidity at a higher  dilution than did lysates diluted before incubation.  Ex- 
periments like  these can easily mislead one into believing that  he is dealing 
with living  organisms.  However, it can be shown that variations in pH, ionic 
strength,  and  possibly enzyme  concentration  during  dilution  are  the  most 
probable  causes for variation  in  particle  number  under  seemingly  identical 
circumstances. 
Direct transfer of single colonies from solid medium to solid medium, without 
interim  incubation  or suspension in  fluids  containing  biologic  material,  will 
distinguish  most  bacterial  forms from  those elements  which  result  from the E~C  L.  NELSON  767 
incubation of cytoplasm. The reduction of tetrazolium salts will also serve to 
distinguish viable micoorganlsms  from non-reducing  cellular materials. 
The existence of extracellular, pleomorphic, microscopic  elements in certain 
in vitro  preparations  of tissues,  therefore, appears to be well established. The 
present communication demonstrates that filaments and granules,  of the type 
described by others using whole cells, will develop in vitro in bacteriologic media 
inoculated only with cellular  proteins. 
Because the development of particles from cytoplasm occurred in vitro only 
in the presence of bacteriologic media,  it would seem reasonable  to suppose 
that some interaction between one or more constituents of the broth and the 
cytoplasmic proteins was necessary for particle development. Solutions of salts 
and/or amino acids  did  not support  the  development  of turbidity, nor were 
radioactive  labelled  amino  acids incorporated  into  the  particulate  material 
which formed in broth. Therefore, the limiting  component of broth was some- 
thing other than the salts or amino acids. 
The results presented in Table IV indicate that DNA and compounds having 
an aniline structure stimulate the development of turbidityfrom red cell lysates. 
It would seem reasonable that compounds with similar chemical configurations 
might be present in trace amounts in the various protein digests used in bac- 
teriologic  media, and that it was these compounds which were able to initiate 
particle development. 
Aniline compounds have been reported to stimulate the formation of Heinz 
bodies on the surface of erythrocytes in vitro  (9). Although yeast extract in 
saline  would not support the development of turbidity with red cell lysates, 
good particle  formation  occurred  when  the  aniline  dye, Janus green B,  was 
added to lysates in a  concentration of 1:100,000.  This finding  indicated that 
the an]Hne type structure could function as an initiator of particles from red 
cell lysates, as well as an initiator of similar  spherical  bodies  (Heinz  bodies) 
on the surface of intact erythrocytes. 
The fact that an enzyme inhibitor  like cyanide was able to inhibit turbidity 
suggested  that  enzyme  action  was  required  for  particle  development.  This 
was further suggested by the necessity for biologic conditions of temperature 
and pH. If such enzymes exist in cytoplasm, they most probably belong in the 
category of cathepsins which are known to function in cell deterioration and, 
at the same time, to have polymerizing properties (10). 
The results of this investigation bear directly on two apparently unrelated 
areas of biology. The findings presented should help to clarify some of the con- 
troversies dealing  with  the isolation of bizarre  microorganisms  from tissues, 
and should help to resolve the diagnostic problem posed by seemingly positive 
blood cultures which fail to yield recognizable  microorganisms.  Secondly,  and 
perhaps  of more  immediate  importance,  the  system discussed demonstrates 
that units of biologic material of macromolecular dimensions  can be organized 
in vitro into structures of microscopic size. Further studies on the properties of 768  PARTICLE DEVELOPMENT IN VITRO FROM CYTOPLASM. I 
the particles and the mechanism of their formation are dealt with in the second 
paper of this series. 
SUMMARY 
A system is described in which microscopically visible particles develop from 
cytoplasmic proteins incubated in v/ire. The conditions required for the develop- 
ment  of particles  are  those  usually  associated  with enzymic reactions.  The 
particles are believed to develop as a  result of enzyme action on cytoplasmic 
proteins in the presence of compounds having certain specific chemical con- 
figurations. The relation of the particles to various "microorganisms," described 
in the literature as etiologic agents of disease, and to the problem of seemingly 
positive blood cultures is discussed. 
The  author  wishes  to  express  his  appreciation  to  the  many  interested  persons  whose stimu- 
lating  suggestions and criticisms have been of great help in this study. 
Gratitude is espedally due Dr. M. J. Pickett in whose  laboratories  these studies were initi- 
ated; Dr. Henry E. Weimer  for supplying  the rat tissues; Dr. Robert Bmaish and Mr. Martin 
Vangerov for conducting chemical analyses; Mr. Zane Price for preparation of the photo- 
graphs; and Mr. Francis Bishop and Miss Margery Cook  for preparation of electxon micro- 
graphs~ 
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EXPLANATION  OF PLATES 
PLATE 66 
FIG. I. Photomicrograph of granules  forming from red cell  lysate  after  24 hours' 
incubation  in  thioglycoUate  medium. Wet preparation,  phase contrast.  X  3500. 
Fro.  2. Electron  micrograph of  particles  from red  cell  lysste  after  24  hours'  incuba- 
tion  in heart infusion  broth (pH 7.0).  Osmium tetraoxide-fixed  material  on formvar 
grid. X  t4,000. 
FIG. 3.  Same as Fig. 2.  X 28,000. 
Fro. 4.  Aggregates of particles on soft agar.  X 400. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  66 
(Nelson:  Particle  development  in  vitro  from  cytoplasm.  I) PLATE 67 
FXG. 5.  The amount of turbidity developing in broth from three inocula of red cell 
lysate incubated 24 hours at 37°C. From left to right inocula equal 0.5, 0.1, and 0.01 
ml., uninoculated control (incubation 10 days). 
FIG. 6.  The effect of normal human serum on the development of turbidity from a 
red  cell  lysate.  Inoculum,  0.01  ml.;  serum  concentration from  left  to  right  1:20, 
1  : 100,  1 : 1000; incubated control without serum. Incubation 4 days. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  67 
(Nelson:  Particle  development  in  vitro  from  cytoplasm,  I) PLATE 68 
FIG. 7 a.  Surface membrane found  on  incubation  of red  cell lysate in heart  infu- 
sion broth. 
FIG. 7 b.  Photomicrograph  of  developing membrane  showing fiber  formation.  × 
3500. Wet mount, phase contrast. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE  68 
(Nelson:  Particle  development  in  vitro  from  cytoplasm.  I) PLATE 69 
FIG. 8.  "Colony" formation by red cell lysate in a subsurface band in thioglyco|- 
late medium. 
FIG. 9.  Chromatogram of unincubated lysate, the TCA-precipitable protein from 
a lysate after 48 hours' incubation at 37°C. in heart infusion broth, and the membrane 
formed on the surface of the medium. Solvent butanol, reagent ninhydrin. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE  69 
(Nelson:  Particle  development  in  vitro  from  cytoplasm.  I) 